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The Northwest Syniaxis delineales a complex zone where the northwesterly trending Himalayan Ranges meet the
northeasterly trending Hinde Kush and Indus Kohistan Ranges. The southern margin of the Hindu Kush-Himalayan
collisional belt 1s delineated by a series of imbricate thrusis that transect the northern edge of the modern Indo-Gangetic
foredeep, The Kashmir and Peshawar Basins are embedded in this still-developing thrust belt and are symmetrically
oriented aboul the Northwest Syniaxis.

Consideration of chronologic, stratigraphic, struciural, and geophysical data from the syntaxial zone permits the
construction of a model for intermontane-basin development and the evolution of the Northwest Syniaxis during the
Late Cenozoic. The formation of the Kashmir and Peshawar Basins results from the transfer from the north of the locus
of thrusting and uplift to the southern margins of the basins. During the Pliocene. the morphotectonic emergence of the
ancestrzl Pir Panjal and Attock Ranges along the southern margins of the two basins coincides with changes in the
patterns of sedimentation and deformation both within the basins and in the bounding foredeep to the south.
Contrasting styles of tecionic deformanion on opposite sides of the Syntaxis are interpreted as a response to differences

in the strength of sediment-basement coupling across the Syntaxis,

1. Introduction

In collisional mountain systems, structural dis-
ruption of the bounding foredeep frequently oc-
curs due to the progressive migration of deforma-
tion away from the axis of the orogen [1]). Within
the developing schuppenstrukiur, intermontane
basins and tectonic depressions may be generated
[2.3]). The sediments that accumulate in these basins
can preserve a record of the tectonic activity along
the basin margins. Chronologies developed for
these sedimentary sequences serve (o constrain the
timing of development of that portion of the colli-
sional schuppenstruktur. By combining the daia
from Late Cenozoic intermontane basins with re-
gional geologic and structural data. it becomes
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possible to reconstruct the timing and style of the
evolution of the disrupted foredeep margin.
Tectonic models, based on such reconstructions,
provide a conceptual basis both for the interpreta-
tion of similar basins within older mountain belts
where the structural relationships are more ob-
scure and for predictions regarding the probable
future sequence of 1ectonic and sedimentary phe-
nomena during an ongoing collisional orogeny.
The Kashmir and Peshawar intermontane basins
in the northwestern Himalaya are symmetrically
oriented about the Northwest Syntaxis [4] (Fig. 1).
These basins are embedded within the still-devel-
oping, southern Himalayan schuppenstruktur,
where they have accumulated up to 1300 m of
Plio-Pleistocene synorogenic sediments [5-9). Re-
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cently acquired magnetostratigraphies and fis-
sion-track dates [6,7.10] provide good chronologic
control on the timing of intermontane-basin devel-
opment. These chronologic data, when considered
in conjunction with regional stratigraphic. struct-
ural, and geophysical data. facilitate the recon-
struction of a tectonic model for the evolution of
the outer Himalayan schuppenstruktur. the North-
west Syntaxis, and the intermontane basins of
Kashmir and Peshawar,

2. Temporal constraints

With the caveat that some of the lithologically
based constraints are imprecise due to their intrin-
sically time-transgressive nature, the following
temporal factors must be reconciled with any
tectonic model:

(1) Intermontane-basin sedimentation began by
about 4 m.y. age in Kashmir and about 3 m.y. ago
in the Peshawar Basin [6,7). In Kashmir. the
Karewa Group [11.12] comprises these syntectonic
sediments.

(2) No molasse sediments of middle and late
Miocene age (time-equivalent to the Lower and
Middle Siwalik Formations [13]) have been identi-,
fied within either the Peshawar or the Kashmir
Basins.

{3) Oligocene to early Miocene molasse sedi-
ments (Murree Formation) are present in the
Peshawar Basin [14]. bui similarly aged rocks have
not been observed in the Kashmir Basin. Along
the Main Boundary Thrust (MBT) complex south
of the Pir Panjal (Fig. 1). Murree sediments are
exposed within several of the lower thrust sheets
[4.15.16]. The northward limit of foredeep sedi-
mentation during the Oligocene and early Miocene
is poorly constrained in Kashmir. However. the
absence of any recognized mid-Tertiary rocks on
the well-exposed margins of the Kashmir Basin
suggests that Murree-aged sedimentation 15 un-
likely 10 have extended this far north.

(4) Eocene and ?early Oligocene nummulitic
limestones are present 10 the north and south of
the Kashmir Basin {15-17] and 1o the south and
northeast of the Peshawar Basin [14,18]. However.
except along the MBT complex south of the Pir
Panjal Range and to the north of the thrusts at the
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exireme northeasiern edge of the Kashmir Basin
{16). no Eocene limestones are exposed within the
Kashmir Basin.

(5) The youngest rocks presently exposed in the
Kashmir Basin. excepting the Karewas. are Meso-
zoic 1n age [16]. Within the Karewas between 4
and 2 m.y. ago, coarse clastics were shed with
decreasing frequency {rom northeasiern source
areas and punctuated the record of fluviola-
custrine sedimentation that dominates the central
basin [6]. After 2 m.v.. southwestern sources be-
came increasingly important. Widespread inter-
montane-basin sedimentation probably terminated
around 0.4 m.y. Subsequently, the Pir Panjal Range
(Fig. 1) was uplifted between 1700 and 3000 m
[19]).

{6) Alluvial-fan and braided-river deposits shed
from the Atiock Range (Fig. 1) interfinger with
flood-basin sediments in the southern Peshawar
Basin throughout its development [6]. Accelerated
uplift of the Attock Range terminated extensive
intermontane-basin sedimentation around 0.6 m.y.
ago [20]

{7) In addition to the Brunhes-age uplift of the
basin margins. fission-track ages on polymineral
samples collected adjacent to the northeastern edge
of the Peshawar Basin indicate rapid. mid-Tertiary
uplift in this area [21]. If the geothermal gradient
and the annealing temperatures assumed by Zeit-
ler et al. [21] are correci. these rocks rose from
more than 8 km depth to less than 4 km depth
between about 25 and 22 m.v. ago. About 4 km of
additional uplift since 22 m.y. has brought the
sample to the surface. A suite of samples collected
in the surrounding area lying 10 the south of the
Main Mantle Thrust (MMT) (see Zeitler et al. [21,
figs. 2 and 4]) yields a very similar uplift history.

3. Structural and stratigraphic constraints

Any model for the evolution of the southern
Himalayan margin and its (intermontane basins
must encompass the following structural and stra-
tigraphic data:

(1) The Murree sediments in the Peshawar
Basin are highlv folded and fauhied [14). They
have been successivelv overthrust by Paleogene
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and Jurassic sediments that are now exposed in
klippe covering an area 25 km wide and 40 km
long along the western portion of the Attock Range
[6). Low-angle thrusis along which southerly
movement took place are visible in many places
along the southern and western margins of the
Peshawar Basin. Clearly. substantial shortening
occurred along the southern margin of the Pesha-
war Basin after the cessation of Murree sedimenta-
tion.

(2} Considerable uplift and erosion has oc-
curred in the vicinity of the Kashmir and Pesha-
war Basins prior to the deposition of the inter-
montane-basin sediments. An estimated minimum
of 2000 m of pre-Miocene strata [16]) have been
removed in both areas.

(3) A major reorganization of the drainage net-
work in the portion of the Siwalik molasse situated
southwest of the Kashmir Basin and east of the
Peshawar Basin occurred between 4 and 5 m.y.
ago [22-24). The orientation of the fluvial systems
was drastically rearranged at this time, as the
easterly flowing Indus River was replaced by the
ancestral Jhelum River. This change coincides with
the introduction of clasts of Panjal Trap {presently
exposed on the Pir Panjal Range) into the Potwar
Plateau and with increasing siructural control ex-
erted by the Jhelum Re-entrant (Fig. 1) over the
drainage pattern.

x}nlllatllnsn HSA",}G‘E POTWAR PLATEAU
A
Fig. 2

»

{4) Major north-dipping thrust complexes
border both basins along their southern margins.
The northeastern margin of the Kashmir Basin
appears t¢ be bounded by analogous thrusis
[16,25]. and numerous similarly oriented thrusts
are located around the margins of the Peshawar
Basin [14,26.27].

(5) Several strike-slip faults with limited. south-
erly directed thrust displacement (usually less than
200 m) slice across the Peshawar Basin subparallel
to the Auock Thrust. These have been active dur-
ing the Brunhes chron [6.20].

4. Geophysical constraints

Although modern seismic data do not neces-
sarily delineate structures that have been active
during the Tertiary, they serve to determine more
accurately the present subsurface geometry. Rates
of intercontinental convergence derived from geo-
physical data and models also provide integral
spatial constraints. A model of foreland evolution
should be compatible with the following geophysi-
cal factors:

(1} The modern Indus-Kohistan seismic zone
(IKSZ) [28] appears to define a steep, north-dip-
ping seismic front (Fig. 2) overlain by a subhorn-
zontal detachment surface. The IKSZ is located
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Earthquake loci projected on 2 north-south transect extending from the apes of the Syntaxis 1o the central Sabt Range

imodihed alter Secher et al, [28)). Locanon of the transect 15 shown in Fig 3. The Indus Kohistan Seisnuc Zone (/ASZ) defines o
moderately dipping basement thrust, The Hazara Lower Seismic Zone ( HLSZ) 15 dommnated by devtral arike-shp motion with a
muincr thrust component. The Tarbella Seismic Zone (7SZ) lies along the hypothesized detachment surface. The Jow-angle
detachment s Jargely aseismic due 1o the inferred presence of salt along the zope of decoupling.
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Fig. 3. Epicenter locations in the vicinity of the Northwest Svntaxis (modified from Seeber et al., [28]). The EKSZ hes on strike with
the major thrust along the southern margin of the Pir Punjal Range. Size of cach cirele 1s approximately proporiional 1o magnitude.
The inferred detachment 10 the south of the Peshawar Basin is primarily aseismic. GHR = Grear Himalayan Range; JA = Indus
Kohistan: KB = Kashmir Basin: MBSTC = Main Boundary Thrust complex: AMAMT = Main Mantle Thrust. PB = Peshawar Basin:

PPR = Pir Panjal Range: SR = Salt Range.

primarity to the northwest of the syntaxis (Fig. 3).
but it forms an on-strike continuation of the
structural trends defined by the MBT complex to
the southwest of the Pir Panjal Range.

(2) A low-angle detachment with dominantly
aseismic slip [28] probably extends south from the
IKSZ and underlies the Peshawar Basin at a depth
of about 10 km (Fig. 2).

(3) Thrusting and strike-slip faulting are com-
mon in the vicinity of the Peshawar Basin today
[20.28.29}.

(4) Active thrusting along surfaces dipping to
the north and northeast is occurring below the
Kashmir Basin [30.31}.

(5) The present rate of convergence between
the Indian subcontinent and Eurasia is 4-5 cm//yr
{32). The convergence rate during the early and
middle Miocene may have been 1-2 cm /yr slower
than the late Miocene rate [33). The combined
rates suggest that between 600 and 1000 km of
convergence has occurred between Eurasia and the
Indian subcontinent during the past 20 m.v.

(6) Accommodation of the crustal shoriening
necessitated by 600-1000 km of Neogene conver-
gence is largely accomplished through folding in
the foredeep. underthrusting and uplift in the
Himalaya. thickening of the Tibetan Plateau. and
“escape-hlock™ tectonics in the northern region of
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Tibet {34]). The model of Wang et al. [35] predicts
that this accommodation is partitioned in the fol-
lowing amounts: the foredeep (15%). the Himalaya
(30%). and Tibet (55%). Their model does not
account for escape-block tectonics which would
reduce each of the other factors.

(7) Seeber et al. [28] present a convincing argu-
ment that throughout the Central Himalaya. epi-
centers of moderate-magnitude thrust earthquakes
are spatially related 10 a sharp topographic break
representing the southern limit of summits greater
than 4 km in height and defined as the “4-km
threshold™. In the central Himalaya, the threshold
corresponds with the southern edge of the Higher
Himalaya. For more than 1700 km. the tope-
eraphic break and thrust epicenters lie along a
smull circle [28) (Fig. 4). Seeber et al. contend that
the 4-km threshold sits above the seismically active
basement thrust front (BTF) which delineates the
leading edge of a fundamental crustal discontinu-

ity (the basement thrust) along which underthrusi-
ing of the Indian subcontinent is occurring and
above which high 1opographic reliefl is preserved
by continuing uplift against the forces of erosion.
This relationship between the position of the 4-km
threshold, the BTF. and the subsurface locauon
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Fig. 5. Enlargement of the northwesiern poruon of Fig. 3.
showing the bifurcation of the 4-km threshold near the castern
vdge of the Kashour Basin. The basement thrust front (BTF)
may have relocated beneath the Pir Panjal Range. rather than
adherning to the small-circle trend defined o the east of Kash-
mir. In this posivion. the BTF hes along the ame trend as the
IKSZ



and geometry of the basement thrust 1s illustrated
in Indus Kohistan by the IKSZ (Fig. 2). In the
Central Himalava. the 4-km threshold 15 fre-
quently associated with the trace of the Main
Central Thrust [28.36].

{8) About 200 km southeast of the apex of the
Northwest Syntaxis. the Central Himalayan topo-
graphic-seismic trend bifurcates with one branch
continuing just north of the small circle (along the
northeast margin of the Kashmir Basin) and one
wrend confirming to the Pir Panjal Range and the
boundary thrust complex (Fig. 5). If the suggested
association of the 4-km threshoid with the BTF is
valid, then it would be anticipated that in the
vicinity of Kashmir. the BTF would also bifurcate.

5. Intermontane-basin development

Consideration of the foregoing data suggests
that, during the creation of the southern Himalayan
schuppenstruktur in the middle and late Miocene.
significant uplift. probably ranging from 2 o 8
km. occurred at the sites of the modern inter-
montane basins of Peshawar and Kashmir. In
Peshawar. at least. this uplift was preceded by
considerable folding and thrust faulting that caused
extensive disruption of the early molasse sedi-
ments and destroved the pre-existing subsiding
foredeep. Introduction of clasts of Panjal Trap
into the Siwalik foredeep and reorganization of the
drainage patiern in the molasse basin coincide
with the morphotecionic emergence of the ancestral
Pir Panjal Range around 4-5 m.v. ago. The intua-
tion of intermontane-basin sedimentation in
Kashmir follows closely thereafter at 4 m.y. or
carlier. The cessation of major regional uplilt and
the initiation of sedimeniation in the Peshawar
Basin commenced at approximately the same time,

By combining the topographic. structural. and
seismic constraints with the temporal data. a model
that reconciles these considerations can be devel-
oped for the Kashmir Basin. The maodel places the
early Neogene BTF beneath the northeastern
margin of the basin (Fig. 6A). Uplift related to
continental underthrusting along the BTF causes
regression of the Eocene seas and erosion of the
pre-Tertiary bedrock. The resultant mountain belt
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is transected by a series of imbricate thrusts [16].
In a structural sense. the range resembles the
present Pir Panjal Range and the associated MBT
complex.

By analogy with the MBT complex along the
length of the Himalaya. a zone of non-deposition
is created 1o the south of the uplifted 1errain. and
molassic deposition in the foredeep is displaced
still further o the south. Fluvial drainages de-
bouching from the mountains coalesce on the
ancestral Indo-Gangetic plain and flow longitudi-
nally towards the southeast (Fig. 6A) along the
axis of the foredeep. This pattern parallels the
ancestral Indus River during the Miocene in the
Jhelum Re-entrant [22] and conforms to the pre-
Pliocene drainage network of the foredeep. as sug-
gested by Pascoe [37) and Pilgrim [38] and docu-
mented by Raynolds [23]

This drainage pattern during the Miocene ex-
plains the absence in the Jhelum Re-entrant of
clast and sandstone lithologies similar to those
deposited during the Plio-Pleistocene when the
ancestra} Jhelum River flowed across the area and
carried clasts from the Pir Panjal Range. During
the Miocene, according to this model. the ancestral
Jhelum River flows to the southeast away from the
present Jhelum Re-entrant.

This structural and fluvial configuration is envi-
sioned to continue throughout the Miocene. The
position of the BTF is stationary or migrating 10
the south very slowly during this time. The pro-
longed period of uplift causes deep erosion of the
Paieozoic and Mesozoic strata in the vicinity of
the Kashmir Basin and regions 1o the northeast
(Fig. 6A).

The chronology of the Karewa sediments in
Kashmir [7) and the paleocurrent data from the
Jhelum Re-entrant [23] suggest that around 5 m.y,
ago. the BTF “jumps™ to the south to a position
beneath the Pir Panjal Range and in line with the
modern 1KSZ (Fig. 6B). What would cause such a
rapid translocation of the thrust front where crustal
underthrusting occurs? Perhaps inhomogeneities in
the underthrust crust of the Indian subcontinent
are responsible. In a manner analogous to trench
relocation along subducting margins due to accre-
tion of oceanic plateaus [39]. the locus of under-
thrusting in a collisional orogen may migrate when
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crustal material that is not easily overridden
encounters the thrusi front. This hypothesized
phenomenon is shown by the cross-sections in Fig.
6. Alternatively, small changes in the direction and
rate of convergence of the Indian subcontinent
with Eurasia might cause a reorientation of the
zone of underthrusting.

The modern configuration of the 4-km threshold
along the eastern continuation of the Pir Panjal
(Fig. 5) indicates that the present. hypothesized
position of the BTF represents a splay off the
former thrust front. In this model. displacement of
the BTF at around 5 m.y. ago initiates a number
of changes along the southern margin of the
Himalaya. Most significantly, uplift occurs and a
formerly low-lving area is elevated to form to
ancesiral Pir Panjal Range. Because both the splay
in the BTF and the overlying range terminate to
the east in the previously (pre-Pliocene) elevated
terrain near the southeastern edge of the Kashmir
Basin (Figs. 5 and 6B), a drainage reversal occurs
concomitantly with the southward jump of the
BTF. Subsequently. the ancestral Jhelum River is
constrained 10 flow to the west. Thus. the litho-
logic and pateocurrent changes that are observed
in the Jhelum Re-entrant at 4-5 m.v. {22.23] are a
direct reflection of the southward relocation of the
BTF and the initial elevation of the Pir Panjal
Range.

Subsequently. an array of imbricate thrusts de-
velops to the south of the Pir Panjal to form the
MBT complex. An unknown amount of shoriening
occurs along these thrusts. Although large lateral
translations may occur above these shallow thrusis
during the Plio-Pleistocene, most of the shoriening
is taken up by stacking between higher angle.
reverse faults or by underthrusting of the
Phanerozoic sequence along the basement thrust.
The uplift associated with the relocated BTF ponds
the fuvial drainages in the newly defined Kashmir
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Basin (Fig. 6B) and leads to the initiation of
Karewa sedimentation. As recorded by paleocur-
rent analysis [6]. uplift along the northern BTF
diminishes during the Pliocene, as thrusting is
more completely transferred 1o the MBT complex
further south. An accelerated phase of uplift in the
Brunhes terminates widespread intermontane-
basin sedimentation and initiates folding and ero-
sion of the basin fill [7}. Extensive further uplift
would probably eliminate all vestiges of the Karewa
sediments altogether.

Despite many similarities, the Peshawar Basin
differs from the Kashmir Basin in that it was
formerly part of the subsiding foredeep as evi-
denced by the presence of early molasse sediments
within it. Because Murree sedimentation within
the Himalayan foredeep was a long-lived phenom-
enon (Oligocene /early Miocene). the presence or
absence of Murree rocks does not date precisely
the end of foredeep sedimentation in the Peshawar
Basin. It is certainly very likely to have terminated
by 15 m.y. ago and may have ended in the late
Oligocene. The fission-track uplift data [21] from
the north margin of the basin suggest rapid uplift
had commenced by late Oligocene.

Because the Peshawar Basin is embedded in the
southwesterly sweeping trend of the Hindu Kush
Range. the NW-.SE structural trends of the
Himalava are frequently not applicable to the
Peshawar Basin. The geophysical data suggest that
the hypothesized detachment surface below the
Peshawar Basin may exiend southward 1o the Salt
Range (Fig. 2). Extensive Eocambrian and Eocene
salt deposits occurring to the west of the axis of
the syntaxis [14] may have provided an efficient
decoupling mechanism. The presence of this de-
tachment is considered 1o be intrinsic to the devel-
opment of both the Peshawar Basin and the sharp
bend in the MBT complex around the Northwest
Syntaxis (Fig. 1)

Fig. 6. Map views and cross-sections of Kashnur showing the proposed changes in the anentavon of the fluvial drainages and the
thrust complexes during the past 10 m.v. As a result of the stepping out of the thrust comples about & m v ago. the drainages switched
10 southwesterly flow in Kashmir and lacustrine Karewa sedimentation commenced. The crossesections show the proposed tectonie
sequence based on a convergence rute of 1 em vt of the foredeep relative w the Himalava: The hachuted ares depicts a hypothesized
segment of anomalous crustal material that resists underthrusting and causes the thrust front to relocate along ns southwestern
margin. Alternatively. the relocauion of the locus of threstung mav be due 1o small changes in the rate or direction of convergence
BTF = basement thrust front: GHR = Great Himalavan Range, A8 = Kashmir Basin. PIPR = Pir Panjal Range.
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Because structural disruption typically migrates
away from the orogenic axis [1]. shortening along
thrusts that splay off the detachment surface should
commence in the north and progress southwards
from the Hindu Kush. Uplift and stacking of
thrust sheets leading 1o extensive erosion will, sim-
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ilarly be most intense in the north during the
initial deformational phases. Detaited mapping
near the Main Mante Thrusi (MMT) [27.40] indi-
cates southward diminution in the intensity of
folding away from the MMT. Coward et al. {27]
also suggest the presence of large { > 100 km long).

Fig. 7 The proposed sequence for the structural evolution of the Peshawar Basin region during the past 10 m v, Geelogic constraints
requife exiensive tecionic distuption of the pre-existing foredeep pnor to the Phocene. Berween 4 and 2 mv. aga. thrust-fauling
activity begins 10 migrate farther south and pre-existing patterns of molasse sedimentation on Potwar Plateau experience initial stages
of disruption, Concomitant diminution of thrusting in the narth and differential uplift of the southern margin of the Peshawar and
Camphelipore Basins iniuates sedimensation in the intermontane hasin. Widespread sedimentavion in the basins 1s halted by renewed
uplift and fawlling during the past 0.5 m v. A poorly mapped complex of thrusts (not shown) lies between the MMT and the Peshawar

Basin todan,



stacked. southerly directed thrust sheets rooted
near the MMT.

In the model developed here, the basement
thrust during the Neogene is placed in the vicinity
of the MMT. Major uplift [2]] and concomitant
thrusting begin to the south of the MMT by late
Oligocene to early Miocene. This deformation
spreads at least as far south as the Attock Range
by middle Miocene (Fig. 7A4). Molasse sedimenta-
tion is interrupted at this time in the Peshawar
Basin area. and subsequently at least 40 km of
shortening within the supracrustal sedimenis and
up to 6 km of erosion occur during the late Miocene
and early Pliocene. This sequence of events is
based upon the absence of Lower and Middle
Siwalik equivalents, the strong folding and exten-
sive overthrusiing of the Murree sediments, and
the incorporation of slate clasts in the basal por-
tions of the Plio-Pleistocene basin fill.

Intermontane-basin development does not be-
gin while uplift s stili active throughout the re.
gion. Hence. this model suggests that in the early
10 middle Pliocene. an equilibrium is attained in

the Peshawar area between uplift and erosion. A’

low-relief surface interrupted by resistant bedrock
ridges extends across much of the basin and only
sporadic faulting uplifts the Autock Range along a
splay above the detachment (Fig. 2). At this time.
major deformation begins 10 be transferred to the
south. The detachment surface exiending towards
the Salt Range becomes active, folding and dif-
fcrential amounts of rotation occur within the
Potwar Plateau [22.24.41] and dissection begins to
replace deposition in the southern foredeep basin
to the north of the Salt Range. Concurrently.
between 3 and | m.y. ago, uplift occurs in the Kala
Chitta Range along the southern margin of the
Campbelipore Basin [6]. and intense folding com-
mences along the southeastern margin of the Soan
synchine to the east of Campbellpore [22.24].

Bv the late Pliocene. intermontane-basin sedi-
mentation begins in the Peshawar Basin (Fig. 7B).
Deposition within the basin is modulated by pulses
of uplift and faulting along the southern basin
margin  [16] and continues throughout the
Matuvama chron. Intermontane-basin sedimenta-
tion is terminated in the southern Peshawar Basin
during the lower Brunhes chron by accelerated.
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differential uplift that results in the morpho-
tectonic emergence of the modern Atiock Range
(Fig. 7C).

6. Evolution of the Northwest Syntaxis

Stronger coupling between the Indian Shield
and the Phanerozoic sediments is hypothesized 1o
exist 1o the east of the syntaxis. perhaps due to the
lesser amounts of salt. The conirast in the strength
of coupling across the syntaxis regulates the varia-
ble response of the supracrustal sediments 1o
ongoing intercontinental convergence,

In the model proposed here, the entire foredeep
is being passively rafted 1o the north due to inter-
continental convergence at a rate of 1-3 cm/yr
relative to the Himalaya-Hindu Kush [35]. No net
southward motion of the MBT complex is required
by this model (in contrast o the relative southerly
motion required by the model of Seeber et al. [25]).
Instead. weaker coupling of the Phanerozoic se-
quence to the Indian Shield west of the syntaxis
permits an extensive detachment 1o form. such
that a reduced amount of northward transport
occurs in the western foredeep.

At the present rate of convergence of the Indian
Shield with the Himalaya. more than 200 km of
underthrusting of Indian crust below the Himalaya
is likely to have occurred during the past 20 m.y.
Displacements of this magnitude require very large
amounts of shortening and/or overthrusting of
the supracrusial sediments. This shortening is
accommodated through different mechanisms on
opposite sides of the syntaxis in the model pre-
sented here,

To the east in Kashmir, the deformation is
concentrated near the BTF. Because of the sirong
crust-sediment coupling. a significant proportion
of the Phanerozoic section may be overthrusted
(Fig 8A). In the west. while Indian crust is being
overridden along the basement thrust. lateral
shortening occurs through large-scale. subhorizon-
tal thrusting (Fig. 8B} in the Phancrozoic sedi-
ments [27). These differences in the sivle in which
convergence is accommodated initiates the forma-
tion of the syntaxis (Fig. 9). Such differences are
supported by the available geologic data. Mapping
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Fig. 8. Cross-sections illustrating the different siyles of delormation on opposite sides of the Syntaxis. The west side is dominated by
Jarge. subhorizontal thrusts located above an extensive basal detachment surface. To the east. stronger sediment-basement coupling
results in a more compressed zone of deformation comprising thin. imbricate thrusts. The Pir Panjal Range ( PPR) overlving this
thrust complex auains much greater heights (over 4000 m) than does the similarly siuated Anock Range (AR) bounding the
Peshawar Basin, The dotted areas represent Neogene molasse sediments BTF = basement thrust froni: IK = Indus Kohistan;
A8 = Kashmir Basin, M8T = Main Boundary Thrust complex: MMT = Main Mantle Thrust; PB = Peshawar Basin: SM = Siwalik
Molasse; SAM-PP = Siwalik Molasse-Potwar Plateau: SR = Sall Range.

by Wadia [4,16] and Middlemiss {42] indicates an
abundance of thin. steeply stacked thrust sheets
within the Phanerozoic sequence in Kashmir.
However. no klippe similar 1o those identified in
the Peshawar Basin [6.43] and indicative of exten-
sive. lateral transport of coherent thrust sheets
have been observed in the Kashmir Basin.

The sediments that were formerly localed at
equivalent distances from the mountain front in
the early stages of convergence are offset across
the hypothesized salt/no salt transition as defor-
mation progresses. Fig. 9 illustrates the manner in
which originally equidistant points are distorted
during northward transport. The offset across the
developing syntaxis is accommodated through
sinistral strike-slip faulting. The amount of offset
between the eastern and western portion of the
foredeep increases in the north during the Ter-
tiary. However. because thrusting in the west untl
the Pliocene is limited 1o the region lving 10 the
north of the Kala Chiua Range. the southern
portion of the molasse shows no differential move-
ment and continues to aggrade (Fig. 9).

The changes that occur in the patterns of

drainage. sedimentation. and structural deforma-
tion during the Pliocene may be responding to
changes in the rate or direction of convergence of
India with Eurasia or to a re-orientation of the
zone of underthrusting due to large-scale inhomo-
geneities in the Indian crust. Fig. 10 depicts a
hypothetical segment of *“buoyant™ crust being
rafied northwards as part of the Indian Shield.
When this crust collides with the basement thrust
around 5 m.y. ago. the thrust relocates 1o the south
of the block. and the Kashmir Basin is formed.
The IKSZ comes into existence at this point. and
deformation rapidly spreads southwards along the
detachment on the west side of the svntaxis. The
syniaxis itsell is seen 10 evolve as a result of the
iniial orientation of the mountain ranges. the
strike-slip faulting that accommodates offsets in
the foredeep due to differences in the sivle of
deformation from east (o west. and the southward
jump of the basement thrust during the Pliocene.

These reconstructions of the tectonic evolution
of the intermontane basins and the Northwest
Svntaxis are unavoidably speculative. However.
they benefit from the fact that they are simpie.
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Fig. 9. Overview of the structural evolution of the Northwest Svotaxis and the intermontane basing of Kashmir and Peshawar, The
lettered, dashed lines are perpendicular 1o the direction of cenvergence between India and Eurasia and define points that would have
been equidistant in the undisturbed loredeep. The relative rate of convergence between India and the Himalava s taken as 1 emovr
(11 km “m y.}. The unequal distnibubon of salt 1s seen as 4 major control on the contriasting struciural Tesponse 10 LoOnTErgence on
opposite sides of the Syataxis The position of the rocks that constitute the modern Salt Range are shown being rafted passively 1o the
north in successive frames
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RELOCATED/
THRUST COMPLEX

Fig. 10. Simplified scheme showing the “accretion” of a segment of buoyant crustal material in the Indian Shield 10 the Evurasian
plate. Arrow in A shows the direction and rate of relative convergence between India and Eurasia. The retauve rate between the
Himalava and India 1s about | cm /yr, such that the hypothesized buoyant crust n the Indian Shield is rafted north at about 100
ke 10 m v and collides with Eurasia about § m.v. ago. At present. the IKSZ and the MBT complex in northwestern India are logated
approsimately above the southern margin of the hy pothesized acereted crust The onentation of the 1K SZ is dictated by the geometry
of the acereted crustal material and is largely unrelated to the surficial faulis located 10 the west of the Syntanis.



they provide a reasonable structural framework for
the detailed chronology of basin development and
sedimentation. and they are in general agreement
with the temporal. structural. stratigraphic. and
geophysical data that are available from this re-
gion.

7. Conclusion

Reconstructions of the development of the in-
termontane basins of Kashmir and Peshawar in
the northwestern Himalaya and for the evolution
of the Northwest Syntaxis have been synthesized
on the basis of the available geologic and geo-
physical data. Because of recent chronologic stud-
ies. the temporal constraints are well established
on events within the intermontane basins and the
Potwar Plateau since middle Pliocene. Extensive
seismic data help to delineate the modern struc-
tural seiting of the southern margin of the
Himalaya. The reconstruction of the pre-Miocene
stages of development of schuppenstrukiur is based
on less well-constrained geologic data.

The reconstructions suggest that there has been
a variable response of the southern orogenic margin
10 continued convergence. The style of migration
of deformation appears to vary across the
Northwest Svntaxis as a function of the strength
of the crust-sediment coupling. According (o these
models. where coupling is sironger. outward
migration of the locus of thrusting occurs in dis-
crete steps and subsequent deformation is con-
fined to a himited zone until the succeeding step.
In contrast. above detachment surfaces. such as to
the west of the Northwest Syntaxis. progressive
and fairly steady migration of deformation is more
common with structural disruption being spread
over a broad zone,
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